The relationship of cerebral vessel pathology to brain microinfarcts is not fully understood. We examined associations of cerebral vessel pathology with microinfarcts among community-dwelling persons who came to autopsy. Brain specimens were derived from 1,066 deceased subjects (mean age-at-death 5 88 years, 65% women) participating in a cohort study of aging. Microinfarcts were classified by number, age and location. Severity of vessel pathologies was graded semi-quantitatively. Almost a third of subjects (n 5 300; 28%) had at least one chronic microinfarct, including 128 cortical only, 120 subcortical only, and 47 with both. Moderate-to-severe atherosclerosis was present in 430 (41%) subjects, arteriolosclerosis in 382 (36%), and amyloid angiopathy in 374 (35%). The odds of one or multiple microinfarct(s) was increased for more severe atherosclerosis (OR 51.22; 95%CI: 1.03-1.45), arteriolosclerosis (OR 51.18; 95%CI: 1.02-1.37) and amyloid angiopathy (OR 51.13; 95%CI: 1.00-1.28). Separately, the odds of subcortical microinfarct(s) was increased for atherosclerosis (OR 51.49; 95%CI: 1.20-1.84) and arteriolosclerosis (OR 51.39; 95%CI: 1.16-1.67) but not amyloid angiopathy; whereas the odds of cortical microinfarct(s) was increased for amyloid angiopathy (OR 51.26; 95%CI: 1.09-1.46) only. While cerebral vessel pathologies are associated with microinfarct burden, atherosclerosis and arteriolosclerosis are associated with subcortical microinfarcts, and amyloid angiopathy with cortical microinfarcts.
INTRODUCTION
Brain infarcts are a major pathologic substrate of cerebrovascular disease. While much effort has been spent on the study of large infarcts, data on small infarcts and on microinfarcts, in particular, are limited. Yet, brain microinfarcts are now recognized as common in aging, perhaps even more common than large infarcts, and have been shown to be associated with poor health outcomes, including impaired cognition and dementia (5, 24) . A major reason that microinfarcts have been less well studied than larger infarcts is that they remain very challenging to identify during life, and definitive identification typically requires pathologic examination of brain tissue. To understand better the pathophysiologic mechanisms of microinfarcts, pathologic studies are needed, in particular studies which include data on other vascular pathologies such as cerebral vessel disease of both large and small vessels. Nonetheless, neuropathologic data on microinfarcts in humans remain sparse. A few recent studies on the relationship of cerebral vessel pathologies to microinfarcts suggest mixed results (14, 19, 32) .
The overall goal of this study was to determine which cerebral vessel pathologies are independently associated with microinfarcts. A total of 1066 autopsied women and men, who were participating in one of two epidemiologic, clinical-pathologic cohort studies of aging and came to autopsy, had complete cerebral vessel pathological data and were included in the analyses. We tested whether postmortem indices of three cerebral vessel pathologies, specifically atherosclerosis, arteriolosclerosis and amyloid angiopathy, are each separately associated with a higher odds of one or multiple microinfarct(s). We also examined associations of vessel pathologies with location of microinfarct, both cortical and subcortical. relation of risk factors to neurological aspects of aging and brain pathology. At time of enrollment, each subject consented in writing to annual clinical evaluations, and signed an anatomical gift act for brain donation at time of death. Follow-up and autopsy rates in both studies are high, and more than 80%.
The Rush Memory and Aging Project began subject enrollment in 1997. There were 1,736 community-dwelling persons who underwent a baseline clinical evaluation by the time of analyses for the current study, and of these, 701 have died. Excluding those who withdrew prior to death (n 5 10), 552 subjects underwent a brain autopsy (81% autopsy rate), thus providing the brain specimens necessary for the conduct of the current study. The first 513 subjects with complete neuropathology data available were included in analyses.
The Religious Orders Study Core started subject enrollment in 1994. There were 1,194 community-dwelling, Catholic clergy women and men with a baseline clinical evaluation. Excluding subjects who withdrew (n 5 2), 667 subjects have died, and of these, 622 have come to autopsy (93% autopsy rate). The first 553 subjects with complete neuropathology data available were included in analyses.
Clinical data
Baseline and annual follow-up clinical evaluations were conducted in the community by the research team, and data were recorded on laptop computers, as previously described (2, 3) . A range of clinical data was collected, including on vascular risk factors and diseases (such as stroke). Neuropsychological data were reviewed by a senior neuropsychologist. Each year, a clinician with expertise in dementia reviewed all data from the current evaluation cycle, blinded to previously collected data, and rendered the diagnostic classifications of cognitive, and other neurologic and medical conditions. In this study, we used the final diagnostic classification data rendered by an expert neurologist, based on data from across all study years and blinded to neuropathologic findings, including for the diagnosis of dementia and also specifically Alzheimer's disease (AD), and mild cognitive impairment (MCI). Details about the available clinical data are reported elsewhere (2, 3) .
Neuropathologic data
Detailed and systematic neuropathologic evaluations of brain specimens were conducted, all blinded to clinical data, as reported elsewhere (23) . In summary, each brain underwent a uniform gross and histologic evaluation for common age-related pathologies including cerebrovascular disease. Assessment for brain infarcts followed a multi-step procedure. Gross examination documented number, volume and location of visualized infarcts (macroscopic or gross infarcts). Each gross infarct was then confirmed on microscopic examination and classified by age. Lacunar infarcts were defined as macroscopic infarcts in the subcortical gray or white matter which were 1cm in greatest dimension or less. Microscopic examination also allowed for the identification of microinfarcts, which were, by definition, not visible to the naked eye and identified only under microscopy (1). Blocks from a minimum of nine regions including midfrontal, middle temporal, entorhinal, hippocampal and inferior parietal cortices, anterior cingulate, thalamus, basal ganglia and midbrain, were paraffin embedded, cut, mounted on slides and stained with H&E for the purpose of documentation of presence and number (count) of microinfarcts. Location (cortical, subcortical, other) and age (chronic, subacute, acute) of microinfarcts were also recorded. For analyses in this study, only chronic infarcts were considered, and infarct outcomes were categorized into three levels according to number of infarcts identified: none, one, or multiple (more than one). Also, additional analyses considered location of microinfarcts, with number of cortical and of subcortical microinfarcts as separate outcomes.
Assessment for cerebral vessel pathology was also systematically conducted, including for large and small vessels. Assessment of large vessel atherosclerosis was performed by visual inspection after paraformaldehyde fixation, at the Circle of Willis at the base of the brain, and included evaluation of the vertebral, basilar, posterior cerebral, middle cerebral, and anterior cerebral arteries and their proximal branches. Severity was graded by visual examination of the extent of involvement of each artery and number of arteries involved. Arteries were bisected for evaluation of luminal narrowing when there was concern by appearance or palpation for occlusion; and degree of occlusion was also considered in the final score. We did not consider tortuosity or aneurysmal dilatation, and did not perform histologic evaluation. We used a semi-quantitative scale from 0 (no atherosclerosis) to 6 (severe atherosclerosis), with a score of 1 indicating mild pathology and a score of 3 indicating moderate pathology. Mild atherosclerosis describes small amounts of atherosclerosis of up to several arteries (typically less than 25% vessel involvement) without significant occlusion; moderate atherosclerosis describes atherosclerosis in up to half of all visualized major arteries, with less than 50% occlusion of any single vessel; and severe atherosclerosis describes atherosclerosis in the more than half of all visualized arteries, and/or more than 75% occlusion of one or more vessels. Arteriolosclerosis was evaluated on histologic examination, on H&E stained sections of the anterior basal ganglia (including the anterior caudate, putamen, globus pallidus and internal capsule) (6) . Severity of this pathology was graded based on concentric hyaline thickening of vessel walls. Emphasis was placed on evaluation of smaller arterioles, less than approximately 50 microns. The scale ranged from 0 if there was no arteriolosclerosis; 1 for mild arteriolosclerosis, if arteriole walls were minimally thickened; 3 for moderate, if arteriole walls were increased up to 2 3 normal thickness; and 5 for severe, if arteriolar wall thickness was more than twofold greater in size than normal. A score of 6 reflected complete small vessel occlusion. For the purpose of analyses for this study, severity of each of these vessel pathologies was grouped into four levels: not present, mild, moderate and severe. Finally, the presence of cerebral amyloid angiopathy was determined on immunohistochemical examination of meningeal and parenchymal vessels in four neocortical regions (midfrontal, middle temporal, angular and calcarine cortices). Slides were cut from paraffin embedded blocks and stained with one of three antibodies to amyloid beta (10D5 Beta Amyloid, 17-24 (4G8) Covance Madison, 1:9000; Anti-Human Amyloid-Beta 1-16 (10D5) Elan Pharmaceuticals, San Francisco, 1:300; AntiHuman Beta-Amyloid, (6F/3D), DAKO North America, Carpinteria, 1:50). For each region, vascular deposition of amyloid beta was scored from 0 (none) to 4 (extensive circumferential deposition), similar to recently published guidelines (18) . For analyses, regional amyloid angiopathy scores were averaged across the four neocortical regions to create a mean score of none, mild, moderate and severe for analyses. A separate binary measure of capillary amyloid angiopathy (present vs. absent) was determined based on presence of capillary amyloid angiopathy in any of the four regions.
Immunohistochemical methods were used to obtain markers of AD pathology, as described elsewhere (2, 3) . Here, we used summary measures for the presence of amyloid and tangles separately.
Statistical analysis
We first obtained descriptive statistics for the entire autopsied group, and examined associations among age, microinfarcts, grades of cerebral vessel pathologies, and other clinical and pathologic variables, with odds ratios, chi squared tests and Spearman correlations. Analyses in this study considered chronic microinfarcts only. Next, we examine the relationship of cerebral vessel pathology to microinfarcts. All these and subsequent analyses included terms to adjust for age and sex. In the primary analysis, we used an ordinal logistic regression (proportional odds model) to examine the effects of severity of atherosclerosis, arteriolosclerosis and amyloid angiopathy on the odds of more microinfarcts being present. In this model, the primary predictors of interest were the severity grades of the three vessel pathologies, with no vessel pathology as the reference group. The key estimate from this model is an odds ratio which quantifies the shift in the likely burden of microinfarcts, because the odds ratio is interpretable both as the ratio of the odds of any microinfarct relative to none and as the odds of multiple microinfarcts relative to none. The outcome variable had three levels: microinfarcts not present (reference level), a single microinfarct recorded, or multiple microinfarcts recorded. We conducted similar analyses, with additional terms for the interaction of vessel pathologies with dementia, and other analyses with cortical and subcortical microinfarct outcomes separately (each outcome with three levels: none, single, multiple).
We checked for violations of the ordinal models using the score test for proportional odds and graphical analyses. All analyses were programmed in SAS version 9.3 (SAS Institute Inc, Cary, NC).
RESULTS

Demographic, clinical and neuropathologic characteristics
Demographic, clinical and neuropathologic characteristics of the 1,066 subjects studied are shown in Table 1 . The mean age-at-death was 88.4 years and 65% were women. Vascular risk factors and diseases were common, as was dementia (with probable AD present in 390 subjects). Nearly half of the subjects (n 5 517) had evidence of one or more brain infarcts (whether microinfarcts or gross infarcts) at postmortem, and most (n 5 335) were not identified during the study (silent strokes). Almost a third of subjects (300/1,066) had one or more microinfarcts, of which about half also had gross infarcts (161/300). Of these 161 subjects, 117 had cortical infarcts and 150 had subcortical infarcts. Of those 150 with subcortical infarcts, 111 had lacunar infarct and 54 had non-lacunar infarcts. Among all 300/1,066 subjects with microinfarcts, 114 had multiple microinfarcts. Microinfarcts were present in cortical and subcortical regions in similar percentages of subjects. There were 128 subjects with cortical microinfarcts without subcortical microinfarcts, 120 subjects with subcortical microinfarcts without cortical microinfarcts, 47 with both, and 5 with microinfarcts in other regions. The frequencies of subcortical and cortical microinfarcts are shown for the 300 subjects with microinfarcts in Table 2 . Cortical microinfarcts were single in 124 subjects, and multiple in 51 subjects. Subcortical microinfarcts were single in 123 subjects, and multiple in 44 subjects. A total of 47 persons had both cortical and subcortical microinfarcts, suggesting that the two brain regions only partially share pathophysiologic mechanisms for the development of microinfarcts. There were five persons with microinfarcts noted in the brainstem or cerebellum, but not in cortical or subcortical regions. However, we did not systematically evaluate the brainstem and cerebellum in all subjects.
Cerebral vessel pathologies were very common. A severity grade of moderate-to-severe was noted in about 41% of subjects for atherosclerosis, 36% for arteriolosclerosis, and 35% for amyloid angiopathy. Using the same cut-off of the severity grade, 404 (38%) of subjects had only one vessel pathology, 277 (26%) had two vessel pathologies (most commonly atherosclerosis and arteriolosclerosis), and 76 (7%) had all three vessel pathologies. Figure 1 shows the number of subjects with each vessel pathology count by the presence of microinfarct(s). The distribution of the three cerebral vessel pathologies by cortical and subcortical microinfarcts is shown in Figure 2 .
We examined Spearman correlations among the three cerebral vessel measures and their correlation with age. Age was associated with microinfarct burden (r s 5 0.08, P 5 0.004), but the magnitude of the effect was relatively small. We also found associations of age with severity of each of the three vessel pathologies (atherosclerosis, arteriolosclerosis and amyloid angiopathy), with r s ranging from 0.14 to 0.17, and all P < 0.001. Atherosclerosis and arteriolosclerosis were associated (r s 5 0.31, Figure 1 . Number of subjects with no, one, two, or three cerebral vessel pathology(ies), with and without Microinfarcts. Table 3 shows the distribution of the presence of clinical and pathologic variables for each of the three vessel pathologies by severity grade (not present-to-mild vs. moderate-to-severe). Severity of atherosclerosis was associated with hypertension and stroke. Severity of arteriolosclerosis was associated with stroke, with borderline associations noted for hypertension and myocardial infarction. Interestingly, diabetes was not found to be related to vessel disease severity. CAA was not related to vascular risk factors or diseases, but was associated with the brain accumulation of amyloid, as expected. All vessel diseases were related to dementia as a whole (with all three P < 0.01), and to AD dementia specifically (with a borderline association for arteriolosclerosis), and atherosclerosis and arteriolosclerosis were both associated with MCI. Additional analyses showed that microinfarcts were related to gross infarcts (r s 50.24; P < 0.01) and to lacunar infarcts (r s 50.20; P < 0.01). Also, dementia was associated with each of microinfarcts (v 2 5 6.9, DF 5 1; P < 0.01), lacunar infarcts (v 2 5 16.8, DF 5 2; P < 0.01), and gross infarcts (v 2 5 25.6, DF 5 1; P < 0.01).
Relationship of cerebral vessel pathology and microinfarcts
The overall goal of this study was to examine the relationship of cerebral vessel pathology and brain microinfarcts. We examined the effects of the three cerebral vessel pathologies, atherosclerosis, arteriolosclerosis and amyloid angiopathy, on the burden of microinfarcts (odds of one or multiple microinfarcts). We first conducted ordinal logistic regression analyses limited to one vessel pathology predictor at a time, in models controlling for age and sex. Using three separate models, the result for atherosclerosis was OR 51.29; 95%CI: 1.10-1.52, for arteriolosclerosis was OR 51.25; 95%CI: 1.10-1.44, and for amyloid angiopathy was OR 51.14; 95%CI:
1.01-1.28. Next, in the main analysis, we used a single ordinal logistic regression, adjusted for age and sex and including all three vessel pathologies as predictors (Table 4) . In model 1 where the outcome was microinfarcts anywhere in the brain, each of the three vessel pathologies (atherosclerosis, arteriolosclerosis and amyloid angiopathy all included in a single model) independently increased the odds of having one or multiple microinfarct(s) by 13 to 22%. The associations for atherosclerosis and arteriolosclerosis were stronger than for amyloid angiopathy (Table 4) . Compared to the analyses of the three vessel pathologies examined separately (above), the associations between vessel pathologies and microinfarcts in a single model (Table 4) showed lower, but still significant effect sizes for atherosclerosis and arteriolosclerosis, and essentially no change in effect size for amyloid angiopathy. These findings are not surprising given the relationship between atherosclerosis and arteriolosclerosis, but are important in demonstrating that each vessel pathology has a separate relationship with microinfarcts even after accounting for the other related pathology. In a separate analysis with all three vessel pathologies included in a single model, also controlling for age and sex, the number of vessel pathologies (one, two, or three) was also associated with an increased odds of having one or multiple microinfarct(s) (OR 51.36; 95%CI: 1.17-1.58).
We next examined the associations of vessel pathologies with burden of microinfarcts by location of microinfarcts, with separate outcomes for cortical and subcortical locations. Atherosclerosis and arteriolosclerosis each independently increased the odds of one or multiple subcortical microinfarct(s) by about 40-50%, while amyloid angiopathy was not related to subcortical microinfarcts (Table  4 , Model 2). Conversely, amyloid angiopathy increased the odds of one or multiple cortical microinfarct(s) by about 25%, but atherosclerosis and arteriolosclerosis were not related to cortical microinfarcts (Table 4 , Model 3). In separate analyses considering capillary amyloid angiopathy specifically (present in 16%), we did not find associations of capillary amyloid angiopathy with the overall burden of microinfarcts (P 5 0.61), nor with subcortical (P 5 0.34) or cortical microinfarcts (P 5 0.78).
Finally, we conducted an additional analysis to determine whether the presence of dementia affected the relationship of vessel pathology and microinfarcts. Similar to the model 1 of Table 4 , we conducted an ordinal logistic regression analysis but now adding terms for dementia and the interaction of dementia by each of the three vessel pathologies. We found no evidence for an interaction of any of the vessel pathologies by dementia (all P > 0.13), suggesting that the relationship of vessel pathologies and microinfarcts is not modified by dementia status.
DISCUSSION
In this study of 1,066 community-dwelling subjects who came to autopsy, results show a separate relationship of each of the three major cerebral vessel pathologies to the presence of brain microinfarcts. In addition, moderate-to-severe vessel pathologies and chronic microinfarcts were found to be very common in aging, affecting about of third of subjects. Furthermore, a higher severity of each of the cerebral vessel pathologies was associated with a greater burden of microinfarcts. Specifically, we found that higher severity levels of both atherosclerosis and arteriolosclerosis increase the odds of one or multiple microinfarct(s) by about 20%, and that amyloid angiopathy increases the odds by 13%. In analyses examining location of microinfarcts, atherosclerosis and arteriolosclerosis were both associated with subcortical microinfarcts, whereas amyloid angiopathy was with cortical microinfarcts. The importance of research on brain microinfarcts stems from several factors. First, and most importantly, microinfarcts have been shown to be associated with impaired neurologic function, including cognitive impairment even among persons without dementia, and with dementia itself (4-7, 13, 24, 25, 27, 31) . Second, and in keeping with the findings presented here, data have now consistently shown that microinfarcts are common in the aged brain, with a frequency ranging from 16% to as high as 64% (1, 16, 17, 32) . A recent study suggests that the observation of even a few microinfarcts on pathologic assessment may be indicative of a much larger burden of unrecognized pathology (30) . Indeed, our assessment of the number of microinfarcts in this study is based on observations of select brain regions, and does not capture a true count of the total number of microinfarcts present, but rather provides an estimate of the burden of this pathology. Third, the mechanisms by which microinfarcts impair neurologic function are unclear and further research on mechanisms leading to cognitive impairment and dementia is needed. Finally, the pathogenesis of brain microinfarcts itself remains to be elucidated. While largely assumed to be similar to the pathogenesis of larger infarcts, the pathogenesis of microinfarcts has actually not been well studied. Importantly in this study, we found that even among subjects without or with little of the three major cerebral vessel pathologies, about 15% had microinfarcts (as shown in Figure 1 ), suggesting that mechanisms other than vessel disease are also at play. These and other factors contribute to the mounting effort researchers are investing into the study of microinfarcts.
Because microinfarcts are common in aging, are associated with neurologic impairment, and are potentially preventable, it is critical for researchers to unravel the pathophysiologic mechanisms involved in microinfarct genesis. While systemic risk factors and diseases (e.g., hypertension and myocardial infarction) have been shown to be associated with an increased the likelihood of brain microinfarcts, less is known about central (brain) processes which may play a pathophysiologic role in microinfarcts (9, 22, 28) . Several recent studies have suggested a link between microinfarcts and brain atrophy (16, 21) . And some data are available on microinfarcts and cerebral vessel disease, mostly for cerebral amyloid angiopathy (20) . Indeed, several small studies of autopsied persons with dementia, found associations of amyloid angiopathy with microinfarcts (11, 26) . A recent study used both human and animal brain tissue to examine the relationship of two vessel diseases to microinfarcts (19) . In that study, first using 31 postmortem human brains, severity of amyloid angiopathy, but not atherosclerosis, was associated with microinfarcts, and an experiment in mice exposed to chronic hypoperfusion (via bilateral common carotid artery stenosis) showed that both amyloid angiopathy and microinfarcts were increased in postmortem mouse brain (19) . In contrast, in a subsequent larger study of 91 autopsy cases, authors found that while brain microinfarcts were observed more commonly among cases with amyloid angiopathy, statistical analyses did not confirm a correlation (14) . Finally, in the largest and most comprehensive published study on cerebral vessel diseases and microinfarcts, with 163 autopsied elderly persons, authors found a twofold increased odds of microinfarcts in persons with more severe atherosclerosis (32) . While important study design differences are present with the current study (including recruitment of mostly persons with cognitive impairment from a memory clinic setting, and considering microinfarcts only as a dichotomous measure of present vs. not), the study by Zheng et al also assessed the same three vessels pathologies and similarly analyzed, using ordinal logistic regression analyses, grade of severity of these pathologies in relation to microinfarcts (32) . Unlike the current study, they found no relationships of arteriolosclerosis or amyloid angiopathy to microinfarcts, although authors raised the possibility that their sample size may have affected results (32) .
Our study provides new data on a large community sample that extends the results of these previous studies. First, while severity of atherosclerosis increases the odds of one or multiple microinfarcts, atherosclerosis appears to be specifically associated with subcortical microinfarcts in particular. Second, perhaps with the increased number of subjects in our study, we found that arteriolosclerosis was also associated with microinfarcts and subcortical microinfarcts in particular. Lastly, we found a weak but positive association of amyloid angiopathy with any microinfarcts, and this vessel pathology was strongly associated specifically with cortical microinfarcts. Considering the vessel pathology and microinfarct literature as a whole, our study further refined the recently published finding with atherosclerosis by Zheng et al (32) , clarified the previously mixed results for amyloid angiopathy, and identified a new relationship for arteriolosclerosis. Our results suggest that different vessel pathologies, including those affecting large, mid-, and small-sized vessels and including different pathologic features (atheroma, amyloid deposition, others), are associated with microinfarcts. Further, an increase in the number of cerebral vessel pathologies is associated with an increased brain microinfarct burden. We also found that certain vessel pathologies seem to have a predilection for microinfarcts in certain brain regions, with atherosclerosis and arteriolosclerosis being associated with microinfarcts in subcortical regions, and amyloid angiopathy in cortical regions. The additional analysis taking dementia status into account does not suggest that the relationship of vessel pathologies and microinfarcts differ among those with and without dementia. While the regional findings for arteriolosclerosis and amyloid angiopathy are perhaps not very surprising given where these two vessel pathologies tend to occur in the brain (29) , the finding for atherosclerosis is more surprising. On the one hand, several possibilities should be considered for why atherosclerosis may be related to subcortical microinfarcts. First, large vessel disease at the base of the brain may lead to microemboli lodging in the deep penetrating arteries in subcortical regions, and subsequently may lead to local ischemia and ultimately subcortical microinfarction (12) . Second, atherosclerosis may affect not only larger arteries but also smaller arteries and arterioles, and these may be specifically affected in the subcortical parenchyma (15) . On the other hand, explanations for why atherosclerosis was not found to be associated with cortical microinfarcts should also be considered. For instance, may there be more developed vascular collaterals in the cortex or meninges, or other factors, which yield a "relative protection" of the cortical regions from atherosclerosis? These and alternate possibilities need further exploration. Separately, while the literature has pointed to capillary amyloid angiopathy as playing a role in certain brain pathologies (8) , our study did not find associations of this specific vessel pathology with microinfarcts.
More research is needed, to identify specific upstream and downstream factors linking the different cerebral vessel pathologies to microinfarcts. And, with advancing techniques in neuroimaging, associations of in vivo vessel pathology with microinfarcts can be examined (10) . Additional clinical-pathologic studies are also needed to examine the relationship of microinfarcts to larger infarcts, and other vascular and non-vascular pathologies (17, 20, 32) . Central processes, with or without coexisting atherosclerosis and arteriolosclerosis, may also be important, such as defects in the blood brain barrier and inflammation.
Finally, research will need to take into account not only central (brain), but also systemic variables and risk factors and diseases. Here, we show that specific vascular risk factors and diseases are related to atherosclerosis and arteriolosclerosis. Further work is needed to address whether there are additional risk factors and diseases that are related to microinfarcts, including acute and chronic impairment in cardiac output and other cardiac processes, sleep apnea and other sleep related disturbances, and chronic renal disease, and others.
There are several limitations to our study. Importantly, our study did not provide a more detailed assessment of vessel pathology, thus limiting our ability to elucidate additional aspects of pathogenesis of microinfarcts and of potential therapeutic targets. For instance, atherosclerosis may have been systematically assessed using more sophisticated techniques such as digitally analyzed photography, and by documenting additional features such as vessel tortuosity and aneurysmic dilatations. Similarly, the measure of arteriolosclerosis could have captured information on hyalinization and changes in the smooth muscle. Also, because the assessment of vessel pathology was conducted only in select brain regions (e.g., arteriolosclerosis in one region), we may have misclassified some cases. Furthermore, we may be misclassifying atherosclerosis and arteriolosclerosis because of a more limited sampling of these pathologies as compared to amyloid angiopathy. Indeed, atherosclerosis was only evaluated in the circle of Willis and not assessed in larger (e.g., internal carotid arteries) or smaller (e.g., intraparenchymal) vessels. Similarly, arteriolosclerosis was only evaluated in the basal ganglia. Evaluation of other subcortical regions, especially white matter may be informative. Further, we sampled only a limited number of brain regions for microinfarcts and thereby are likely underestimating the number of cases with microinfarcts. Finally, while this single study with extensive data and detailed analyses presents substantial complexity, several questions remain unanswered and will need to be addressed in future studies. Nonetheless, while there are limitations to our study, there are also important strengths to note. We examined a very large number of brain specimens, with a sample size of more than 1,000 brains. Subjects were derived from a community-based setting, rather than an autopsy series or clinic-based setting, favoring results in our study to be more generalizable to the population. The parent studies (Rush Memory and Aging Project; Religious Orders Study) each have a high autopsy rate, lending further internal validity to our findings. And, the neuropathology data were systematically collected, and this was achieved while being blinded to clinical data.
